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References to the use of high frequency sources in geophysics.

Geophysics XXIT (1957) pp 345-7.

U.S. Geological Survey, Washington D.C. Work done by I, Zietz and
L.C. Pakiser. Transducer (300 lbs weight, 25" diam., 18" high,

2% kwatt output) used to couple energy to the ground. Frequencies
of 6, 11.5 and 16 Kc/é used. To match transducer to the ground
shallow pits filled with water or grease used. The transducer had
been designed for use in water. Reflections from as deep as 250 ft
thought to have been observed.

Geophysics V (1940) pp 1=-14.

Original work done by Humble Oil Co. Vibrator system of magnet on an
aluninium tube used (weght 300 lbs, tube 12ft long) smaller apparatus
used in further tests (tube 8ft long, 3" diam). Frequencies used up
to 1% Ke/s.

Geophysics XXV No 1 (1960) pp 95-105.

Continuous wave seismograph. Frequency range not stated, but presumably
only up to circa 300 c/%.

Geophysical prospecting V No 4 (1957) pp 381-51l.

General article by I',F. Evison on various seismic sources.

Mention is made of several transducer sources used by Evison, frequencies
up to SOOc/é used., Thw work was mainly done as part of ascheme for

the investigation of wave propagation rather than for survey purposes.
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AN EXPERIMENTAL SONIC INSTRUMENT
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FOR ARCHEOLOGICAL EXPLORATION.
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Seismic instruments have been in use for geophysical prospect-
e e |
ing for several decades. Since they are de81gneqﬂ4pr1mar11y for the,
\ ‘\ g A eS8 " JoceHfedl i e

location of geologié:s%fue%ﬁfes ﬂasepab&e feor,deep deposlts oﬂ»econo-
mic value},it is not surprising that they are not readly adaptable

for use in exploring and outlining, from the Surface of the earth,

a‘f glial/o o *\éﬁ, W h s

archaeological rulns and artifacts buriled un@g::SﬁEIIﬂm:Etiuaiumv—

The ease with which the low frequen07 waves, produced and detected
by seilsmic instruments, penetrate to the deep layers without "noti-

AT e S
cing" the archaeological or historical ruims along the way has been

v Ve repont
il1ustratedﬂby;jhazﬁé3&$%s~of the survey made at Harpers Ferry by
His Garson?{ bdr efforts, therefore, have been directed toward the -
development of an.instfument capable of detecting objests to depths
of 30 ft. and determining an accurate éstimation of depth ang possibly
of size.‘1 ' l
X See poge — s s Irvea

1, We are indebted to the Nst;onsl Science Foundation for the findwna-—

scial support whichg/h £ Dr. Froelich Rainey,

(Director of\gzelﬁniveﬂfity Museum and of The Applied Science Center
aAnwe
for Archaeology}neaabiﬁm this program of instrumeng\development o

_be—Startee~ Other contributors are mentioned later in the text.







Basically, the problem with existing seismic equipment, is that

the seismic waves are too long. The long waves pass by small objects
W &%
with no measurable results. High frequency sound1up to 20,000 cycles
cps bre aaeSe of Howsr ’f'&'{ avy ftmfik s
per second and ultras%nic above 20 OOO-BE;SIOA* have the desirable feature
And ¢ aan
of being directionaIA produc@uf§ "shadows™ aur.t reflections from

relatively small objects or anomalies.
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Ba31ca1\?;%the wavelengths of seismic type qgveﬁ are too long.
Ultrasonic waves, (fraquenC1es above 20, OQQA?”E?MeXhlblt rectilinear

propagation because of thé&r shgﬁgﬁ ve\,lengths.2 The wave motion

;
ey o,

is, therefore, transmit?igﬁ \Qﬁzilght line, and the energy cannot

scontinuities. ““ﬁ;%tf this property which makes

travel around sharp

| 1t possible to-Use these wavesX#H for thehT%baQ&gp of small objects,
\\hiince a small inhomogeneity will cast a sharp sha&mﬁﬂbehln@ 1€,
W) ' When we go tgdﬁgZher frequencies, however, we encountexr another
problem -- that of attenuation. The earth is a very poor transmiésion

medium for ultrasonic waves; and the higher the frequency, the greater

are the losses in intensity.3
e ,} wavelength
.2' ”k & fo N b frequency of vibration

[ velocity of propagation
¢ is dependent upon the elastic constants and
density of the medium in which the wave is
propagated.
@r
i L= T —%— (for ultrasonic frequencies)

where I = amplitude at distance r from the source:

IO = initial amplitude

. ' . ~{

q = attenuation constant which 1s dependent ufmAﬁL"“Adw““L“*

? is roughly proportional to the square of the '
requency . s ucﬁfVJL LAAa nQ .
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Therefore, for practical purposes we have to compromise and conduct
our experiments in the sonic range (500-20,000 cps). It happens
also that tﬂis range 1s appropriate for the size of the cbjects
sought. For example, in a medium such as shale with a velocity eﬁ:ﬁ@
2000 ft/sec, a frequency of 5000 Cps would have a wavelength of 2/5 ftv
or approximately 5 inches. Since reflections occur when the dimensions
of an anomaly are és large or larger thah a wavelength, objects of
5 inches or larger can be detected with fairly low frequencies.

Even at these comparatively lower frequenclies, however, sevérej
losses are enCQEEEE{?@»/?
No?% CBHZ; a small portion of the energy starting out from a given
source will reach a given distant point. It will qontinuously diminish
in intensity albng any path which 1t may follow. The decrease in
intensity is due to two quite different effects. One is the diver-
gence'of the sound rays as they radiate from the source; which dis-
tributes the eneréy over a surface of ever increasing area. The
other is the absorption of energy by the medium and the scattering of
the energy by reflectors contained in the medium. The first of these
introduces what is known as the spreading loss and the second, the
attenuation loss. The two together constitute the propogation loss
which is characteristic of the medium at a given location. There are
important differences between the twb,lossesu The spreadiﬁg less,
associlated with a given path length depends upon the distance to the
source, but it is independent of frequency of the accoustic wave belng
transmitted. The attenuation loss, on the other hand, is a function
of the frequency of the wave. The resultant effect of these twb losses,

considered in conjunction with the magnitude of the transmitted signal

and the stray noise, both internal and éxtern&l, of the receiving
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system, determines the range of the equipment. As the loss due to
the spreading 1s 1lndependent of frequency, the attenuation loss will
determine the maximum frequency usable for any given range (assuming
constant power output from the fRcoustic source).

To help with this problem, we may, thereforé; change from the
detection of continuous waves to thatfgepeated impulses. This will
enable us to use more sensitivéggﬁﬁgction technlques, make improvements
in signal to noise fafios, facilitate the interpretation of results,

MUtk NHighea TRAU L4TTER Pow e,
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The term "impulse” 1s somewhat ambigious because most

Seismic instruments emp
: /

then impart waves of -low

oy single or multiple'"shot" impulses which

freduénéy into the earth. In this case, we

are using 1lmpulses with constant repetition rates of“10 to 5/ecps,
f : : ‘
YA :
each one of which 1lmparts a soundjof higher frequency into the ground.

T & - e

"R" whyes or Raleigh waves, involving/a vertical motiom of the
’ ‘I;f o

&

particles at right angle€s to the directien of wave advang@f
N y

i wajgﬁgfé\horizontal motio?/d? the particlesfaf right angles

. -/‘ y i / = .“-“ s r,
to the direction of wave advancey/ A
/,/ ™~ ? *

\\\ > i rf‘f‘
o additional types\w%;é'detected for the’ first time and
identified from records obggigéd during the/Afbomb test in New Mexico,
s N\, o ff
July 16, 1945. They are” "H" and "C" types. The "B' wave involves a
Ve

riéﬁt angles to the wave advance.

clrcular motion of Qhé particles\;%

The "C" or coupled wave also involyes s circular motion but it is

g F
!

tilted from rigﬁt angles to the,Wéve adva
; :

The twdfmodes of wave Q;Bpagation of inferest in the seismic
/ /

probe are_Athe P and S body waves, with the P wave\ii}present seeming
7 g

the moqf'suitable. A preliminary investigation of l1lIferature indicated

!

very little information to date on the use of high frequency sound

J /
for the detection and location of anomalies in the earth. This fact
is very surprising, as the applications, including military uses,

seem very numerous. A few experimenters have used sound of a few

NS
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thousand cycles with excellent,peﬁetration, usually for signaling.

The loss of enerngiﬁfearth 1ls due to several complex effects

»-‘"’

and it would be useleSs to try to extract more than approximations
e

‘ - ~
from the theories. Mosé of the data from égykﬁ and NDT (non-des-

Pl
p

- tructive Egﬁ%ing) has been obtained eﬁpefihentally but certain con
‘})( clusio.é/ran be drawn. Hf/f//’
i)u:‘ Theoretically, the at%eﬁaation varies approximately as
(équare root of the frequeﬁgﬁ until the wavelength ap 'aches the
size of partlcles 1mbééded in the transmlttlng dium. {ﬁt this
point, the attenuatlon will increase as pWé square (agproximately)
of the fr &G;ncy. An analogous effect is the interférence with visi-
ol i Fal ﬁ/;;ir fog particles are-resent, as the scagﬁering by the large
og particles reduces vis€ibility. However, for £he-ranges of interest,
a considerable choide is available as regards 'requency. The short

ranges requilr for archaeological prospectifg should permit wide

Progress in the de31gn of an instrument based on these principles
has been hampered by the fact that very few measurements have been
made of the Transmission characteristics of sonic waves or impulses
in the earth. We have been in the dark) 7ﬁherefor§)about initial
power requlrements7 '$£e variation of atifsfiﬁron with frequency,
the effect of soll composition, and the kieg problem of coupling the
sound source to the ground wifhout excesslve losses. To couple the
transmitter (or transducer) to earth, a very small motion with great
pressuee 1s necessary. IForces of the order of several hundred pounds

5u‘f;q¢'m= %
per sqguare inch are required to couple ecensiderable energy into the




f £

earth. An impact source will operate efficiently at low X&NEHXI-

)

XM¥EX frequencies but it i1s defilcient in high frequency energy content.
However, a small high veloclity &yppe impazt.source shows some promise.

i/- = 7
,/”ﬁiae’oumw Halorrare—ageslped Lo Opera v Lo trcleamna-deviees—mzy
| be_madified. £or. JiSemin=-raTstucers.,
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Preliminary studies (by MacLaughlin) and pI'EVlOUS experlence with SONAR
“Haat (5 e c’?
and RADAR equipment indicated that a reflection &gge systerg sending;a pulse of
P—type longitudinal) sound waves into the g?ound and observing the echo or reflec-
tion electronically’would provide the greatest.amount of information. An echo
ranging system was, therefore, assembled from modified RADAR equipment and
improvised pickups. An impact source was used as the transmitter. With this
bulky equipment, excellent reflections were obtained from a rock layer about twelve
feet deep and indications were obtained of rocks at intermediate depths (See Fig. 1).
The preliminary tests and subsequent experiments with \geophohé (the receiver)
materials were encouraging. Therefore, a portable unit was deéigned and built
(fhe MarcLaughlin prototype). The circuits are transistorized and the detecting
element is a 3-inch oscilloscope screen. The entire unit, complete with Nickel-
Cadmium batteries, transducer and pickups, weighs just under 25 lbs. It employs
a self-synchronized system— a trigger pulse is obtained from thei?ansmitter and the
circuits are controlled by the externally generated impulse. This system is flexible

!
and permits the unit to be used with any type of transmitter. The first transmitter

L] A

designed f6% use with the portable unit consist;&of an electroma.énetic hammer type !
with diaphram resonating at approximately 5000 cps,A& ;[";'i):titlon rate of 10 cPs
This and the geophone (placed beside it) are then coupled to the ground by means of

tapered spikes (one for each) made of aluminum or plastic, The coupling is by the
shear mode and provides the best coupling to firm ground yet obtained without ground
preparation. However, the output of the transducer is greatest at low frequencies
and falls off sharply at high frequencies. The performance at different frequencies
was determined with selectﬁ geophones and tuned amplifiers. The geophones tested
so far were made with piezoelectric materials — rochelle salt and barium tit}nate

bender elements, both of which have adequate response characterists up to 20 kc.

Other types, magnetostrictive geophones, and improvements in these or piezoelectric
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types’.‘may furnish much greater sensitivity and noise discrimination.

The operation of the MacLaughlin prototype may be understood by follow-
ing the block diagram (Fig. 2) step by step.

The impact of the hammer (1) produces a sync pulse from the synchronizing
crystal (2), the pulse is amplified by sync amp. (3), triggers the blocking oscillator

(4), the output pulse is fed to the flip flop (5) which turns ON. The ON condition of

(5) activates a bootstrap linear sweep generator (6). The sweeplength control de-
termines the sweep amplitude that turns OFF the flip flop (5). The linear sweep
waveform is amplified to approximately 600 V by sweep amplifier (7), and then fed
to vertical deflection plates of the C. R. T. tra@e during the sweep.

The sound pulse (11) coupled into the ground is reflected by any anomaly of
sufficient size and is picked up by the geophone (12). The signal is amplified by
signal amp (13) and coupled through the isolation transformer (14) to the horizontal
plates of the C.R.T. (8). The signal appears on the sweep at a point dependent upon
the travel time. To estimate the depth of a reflecting object, range marks are
generated by (15). This circuit is a blocking oscillator that generates pulses at
controlled intervals. The output pulses are mixed with the signa'.'ls and appear as
indices along the sweep. The range marks are adjusted to be at 0. 5 meter intervals
with average velocity of 2000 ft/sec. If work is being done entirely in one area, they
may be adjusted to compensate for variation in velocity and indicate depth directly.

A very effective method of increasing the senéitivity of the receiver was used.

a 'oug - persistevee "
This consists of the use ofAs%!’éel cathode ray tube screen. The screen is a cascade
screen with a double layer. The electrons bombard the inner ''electron layer!' to
excite it to a high level of radiance and the energy of this layer is absorbed by the
"outer glass layer' which emits light in the form of a time delayed phosphorescence.
" The inner or 'electron' layer is usually zinc sulfide activated with silver and ~$[me§€¢'5
blue at about 4510 angstroms, This wavelength efficiently excites the outer or ''glass™
layer which phosphoresces in the yellow portion of the spectrum at a wavelength of |

about 5630 angstroms. The blue flash can be removed leaving only the yellow




L
-

._9_.
phosphorescence by the use of a filter equilvalent to Wratten filter
No. 15. The advantage of using this type of screen is to permilt
the bulld-up of the signal by repetitive sweeps as the signals occur
at the same point on the sweep while the noise signals, being random
in nature do not add, and are not visible. The effectiveness of this
method 1s great, permitting re?&ections that are only small per-
centages of the background noise to be seen easily. In fact, during
recent fleld tests, trouble occurred.in the synec circuits causing
ireegularities in %a? sweep timing and reflections were not possible
to obtain. Thiéqﬁ;ﬁﬁf;creen is commercially avallable and 1is designated
Bype P [:Len obtaining this type screen, the manufacturer should be
told that the property of interest 1s the buildup of signals with
repetitive sweeps. Thls is usually a33031ated with IOW¢ﬁadmium
content of the zinc sulflde cadmium sulfide phosphﬁ? (Zopper

v

activated) used as the glagg layer . CQ&Slderable variation in
different manufacturers)tubeé\éxistﬁﬁue to variations in manufactur-
ing methods and the builldup- is not Uﬁyally the property of interest
in other applications. However, the vol e applied also varies the
effect to some extenti With the C.R.T. used, 25QQ to 2700 volt
acceleratlng potential gave optimum results with a rep&tltlon rate
of” 8 to 10 sweeps per second. This type screen is not efficient
when used with low accelerating potentials.

T

Several photographs show\echo'signals are attached and illustrate

e
poperation of the experimental unit. To facilitate comparison of
signals, the scale used in all photographs is the samef, 20

milliseconds, corresponding to approximately twenty foot depths.
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One set of photographs (Fig.‘i), is of particular interest as
it illustrates the difference in detail obtailned with ver&ﬁ;;e—
quencies to that obtained from higher frequenciles. One 1llustrates -a
echos below 400 cycles and the other}iiimstraﬁeﬁ the increased de-
finition using frequencies of up to 10,000 cycles. The echo detail
of thfﬁhigh frequency signal apparently indicates the structure of
the b;;;;; ?ock layer.

The eqﬁipment is illustrated in FigS. 4 and Fig. 5.

Tests made with this experimental sonic‘probe indicated that.
LA OV-E ' , ‘
i field work is desirable before proceeding with the
building of a second model. Information is needed concerning maximum
and minimum velocity of sonic waves at different locations to es-
tablish ranges (travel time) and the design of the indicator range
clrcuits. Aiéo éhe attentuation at various frequencies will determine
the'sensitivity of the equipment and also the power required from
the transmitter. Coupling the transmitter (transducep)“and the

receiver (geophone) to the ground becomes increasingly important as

+ dohow , b Bin bevs o7 flg.,

L0 RREMTHY . 5 g G Touem
szﬁ s A g&é%ﬁmaﬁeﬁfs because of the generosity oﬂ%&eh&se&@-aﬁiﬁmr—nm
(5~~~
Sun Oilﬂﬂaﬁd the fine cooperation of W. Harry Mayne, Vice President,

the range and frequency of operation increases.

Fa

and other members of the Petty Laboratories, Inc., experiments are

being conducted on our behalf by the latter company in San Antonio,

T W

Texas.

As a start, propagation measurements werelggﬁﬁﬁéﬁﬁgfby Andrew
0. Bergquist, Praject Engineer, at frequencies in the range of 200
to 1600 cps with a low power continuous wave driver coupled to the
earth through an oll medium (6 gallons-in a plastic-lined hole

one foot deep). A vertical spread of seven acceleration type detectors,
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planted from 3 feet to a depth of 15 feet was used in conjunction
with the symmetrically-located driver. The earth at this site (18
miles from San Antonio) consists of a sandy-clay soil having seismic
velocity of about 1900 ft/sec to a depth of 30 ft. This investigation

'S et oo
1nd1cate<¢fhus fa thaty for continuous waves, attenuation becomes—

| “Has W\wrf ekceu‘.ﬁ €oo+e BOO {‘y¢f85
severQA&éevewéee—;;:lesz ggsmthat driver powers of some hundreds of
EAY

watts probably will be required for fully reliable measurements to

vrocess at
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In the meantime, fundamental studies of seismic and sonic wave

ﬁ’ ks erad 2
behavior in the weathered layer near the surface of the earth, are SA «ch

be* conducted by the Geop}wsical Service Division of Texas Instruments

——

(Dallas,Texas) under the d:.rectlon of Dr.Freder:Lck Romberg. We are
indebted also to Dr.Eugene McDermott, Chairman of the Executive Committee

for this cooperative arrangement.

F C’r'mfﬁt.e
or use in this study, a Amultivchannel high frequency oscillograph
with associated high frequency geophone pickups is being designed ahd

built by MacLaughlin Electronics, This instrument is designed to record

reflections from a single impulse produced by a small explosive charge
or a bullet fired into the ground, .

o)y

g VIGRAT
_s The unit will record sﬁ !
up to 2000 cycles. The 'recordin@ are made % 10-second Polaroid
£ilm and are immediately available for observation. The -ueesef
AmALY TICA L
4he instrument w:.ll parmit the use of ﬁ methods ofsemmdpeis that

have been developed tJ‘;"br prospecting and det.ection and identification

of netélesr explosions at a distance.

i L
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In the meantime, fundamental studies of seismic (or sonic) %
|hl TI+HE WEATNEAESD l-‘\‘lEJ
wave behavior near the surface of the earth are belng conducted fm

Q our behalf (?) by the Texas Instruments Co. Inp*ﬂ (Dallas, Texas )
: under the direction of Frederick Ro“nbergf We are indebted also to

,‘

1; Eugene McDermott, Chairman bf the gxécutlve Committee for %%%S

I T e e

e

Bz, b cooperatlve arrangement. /Forighese a recording device -- a multi- é
i A 2~ |
channel shallow selsmlcfgséilloé}qph is being constructed by

N,
€ MacLaughlin Electron;dg. 'With‘thls'iQstrument it will be possible

. ,‘/
/ o, 7 ‘
5 to detect wheZE/p/or not true reflectionsmhave occurred, and thus

g

\\\\\

determineéﬁgp reliable information about son&c wave behavior at
~8hallow dépth
T
One of our immediate goals, however, is to put together an
instrument or an assemblege of workable parts that will assist us
in the search for the archaic Greek city of Sybaris in southern

Italy,awhich is probably buried under © meters of clay. This

problem and the success (with the kind assistance of M.J éng;éﬂln
May) in the detectlon of anomalies down to 5 meters (durlng our 196Z4
campaign) with the Oxford préton magnetometer are described more

fully in the references cited. The MacLaughlin prototype was tested
.also‘last year over known walls, but no reflections were detected.
This was due to the fact that the transducer did not transmit impulses

A
into the ground with sufficient intensity to penetrate

&
L

L. ILN - Rainey‘
Expedition - Brown

Wellesley Alumnae Magazine - Ralph




A portable high power transducer is being constructed

(by MacLaughlin) for use in the 1963 expedition. This transducer

iﬁ a transistorized electronic pulser with a peak power output of

5,000 to 10,000 watts. The pulser operates at a rep?titinn rate of

5 pulses per secénd’ with the frequency of the pulses controlled

from 500 to\&)oo cycles. The pulses are generated by applying alternating

(tormetls
voltage, up to 15 kilovolts, to a piezoelectric element/l resonant at

a frequency much higher than the operating frequency. The circuit

is highly Gdamr.nad'li io limit the "ringing" time and provide a

short clean pulse. Due to the poor earth coupling and rea*zlting
ineff*c:.gnt energy transfer, ringing is a problem. The weight of the

transducer, complete with silver cadmium battery,is about 12 1lbs.

st g
Sonic equlpment is also being developed by Engmeer Carabelli

Hi's expeprgidmnts "ol icnfe

of the Polytechnical School of Milan. Aﬁ_som.c sc:urce of high intans:.ty

y -

produced by an electrical spark discharge w prom:.smg.
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'ﬁifﬁ more than a few meters nor to be reflected. How much of the original

: . energy was lost due to poor ground coupling is n@ﬁ'known.

A forceful trgnsducer is presently being constructed (by
Maclaughlin). This @QnSlStS of an electronic pulser with 5,000 #ﬂj
110,000 watls peak power«output A charge is built up 4o 10 k110v01t35
{ éhd discharged (at the repetltlon rate of 5 cps) into=aa$h@r a
£ Piczoelectric transducer X‘ement in a non- resﬁhant arrangement to
obtain an output frequency the order;@f 1000 cps. At the momant,

however, the problem of coupling tEw* str@nger impuls& into the

ground in a practical manner regdins unsolved.

5. IExperiments a;i?g’similar lines e beéng conducted also by \

L— Engineer Cara¥elli of the Polytechriical School of Milan. (our
search for Sy ris is a joint U.S. - Ital%an effort conducted by the \
/ 1
Unlver81t;/museum of the University of Pennsylvania and the Lerici g
4
Foundaﬂion-Polytechnlcal School of Milan). ?
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NEW INSTRUMENTATION TECHNIQUES IN ARCHAEOLOGY

Froelich Rainey Elizabeth Ralph

During the past ten years two instruments have been adapted and developed
specifically for underground exploration in archaeology. Not long after the last war
Dr. Paul Fejos of the Wenner-Gren Foundation attempted to interest American archae-
ologists in such inst ruments without much success, but British, German, and Italian
diggers became interested and we now have a small portable, transistorized, resistance
apparatus, made in Germany, and a proton-magnetometer made in England, which
are thoroughly proven and successful tools for archaeological survey. I believe that
these new techniques for archaeological exploration may eventually have as much effect

upon the study of prehistory as the now famous radioscarbon and potassium

methods for dating ancient remains.

There are in all continents rich sedimentary plains at the mouths of rivers
or along the sea where we may expect to find ancient settlements deeply buried heneath
the silt. Conventional archaeology, to a large extent, has bypassed these rich plains
where we might expect to find some of the oldest and most developed cultural deposits
because there is often no evidence of the ancient remains visible upon the surface.

At this stage we have two problems: tp develop simpler and more efficient instruments
and to convince the diggers that the techniques can be utilized by people who are not

trained in geophysics.

At the University Museum we have recently established an Applied Science
Center for Archaeology to carry on research and development in various new tec hniques
applicable to archaeology. Part of our inves tigation during the past two years has been
the testing of the resistance equipment and the proton-magnetometer for under.ground

archaeological explorations. To do this we have joined up with the Lerici Foundation in

Rome, directed by Engineer C. M. Lerici, a manufacturer of geophysical equipment and




gh s

New Instrumentation, Rainey-Ralph

steel products in Milano. For about five years he has been using resistance equiment
to locate and explore Etruscan tombs in Tuscany and he has demonstrated without
any doubt the efficience of these instruments for this specific job. In the summer

of 1961, our crew from ASCA at the University Museum joined the Lerici crew

at Tarquinia and Cervetri north of Rome to compare the new German resistance
instrument with the more elaborate and costly instrument used by the Lerici
Foundation. We ran a series of parallel tests at Tarquinia and soon learned that

the much simpler and less expensive German instrument designed specifically for
mrchaeology was equally as efficient as the Italian instrument., At Tarquinia there

is a vast Necropolis with many hundreds of Etruscan tombs dating from the first
century before Christ, cut into the bedrock below some one, two, or three meters of
surface soils, which are essentially volcanic in origin. When the Etruscans made
these tombs they cut a long narrow ramp or stairway down into bedrock, then hollowed
out a rectangular tomb in the bedrock with a stone door. The tombs lie anywhere
from one and a half to five meters below the surface. With the resistance instrument
we ran lines of readings across the Necropolis which enabled us to pick up the earth-
filled ramps leading to the subterranean tombs. Apparently the earth-filled ramps
give higher conductance readings than the surrounding bedrock and hence we were
able to locate on graphs the position of these ramps. Once these were located it

was a simple matter with a minimum amount of excavation to locate the position

of the tomb.6nce we had located that,by using a power-driven earth auger to drill
down through the roof of the tomb we then inserted a periscope with an electric

light at the base which made it possible to examine the contents of the tomb without

excavation. With a system of mirrors we were also able to photograph the inside

of the tomb and even to broadcast over television the view of the inside of an
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unexcavated tomb, simply by applying the television camera to the periscope.

Once we had demonstrated that the small inexpensive German resistance

equipment was as good and even more efficient than the elaborate Italian equipment,
U(v.;ﬂ.r.,r cedtewin 50.“4_,.
we turned to experimentation with the British-built proton-magnetometer. *a_the "S’-,1

fretd this instrument is much more efficient than the resistance equipment because

you need only one gr§jound contact rather than four to take a reading of the

wWAZuG T
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magnetic _ of the surface-tevels. Our system was to lay out a grid

measuring fifty by fifty meters and take a magnetic reading at one meter intervals.
We then drew up a magnetic contour map of the fifty meter grid. It became evident

from these contour maps that we were accurately spotting the location of the tombs
_,zm.i‘@-".
themselves rather than the ramps. With the earth auger we could then

drill the tombs without any excavation whatever. We found it was possible to make
a magnetic grid fifty meters square in about one day and on the average we could

locate and explore five or six tombs in one day. This was obviously much more
efficient than the resistance method. Nene-of*us-are quite-sure just-what-geophysical

-

con-d—rt'rdﬁ‘ﬁiéfd“e/‘ it possible to detect the location of the tombs on our magnetic

grids but-they-were so accurate, that we rarely missed a tomb in any of our drilling
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Similar tests were made at Cervetri where bedrock and surface sollse,,?,
i JV 8

i A ~
differ considerably. However our resultsat Cervetri were equally successful anrf’i,\:’l
.M"fo._.«‘ ot
it seems that from now on the proton-magnetometer will replace the resigstance : g
W, Y
equipment in the exploration for these TEtruscan tombs at several sites in Tuscany.

b
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From the Etruscan area north of Rome we switched our @erations
to the plain of Sybaris in Cglabriain the south of Italy. There we know from Greek
and Roman records that the Greek city of Sybaris was destroyed by the Crotoni
in the sixth century before Christ. The ruins are supposed to lie somewhere
ngar the Crati river on a broad plain where the overflow of the river in the spring

of

has created . very deep sedimentary deposits/\largely volcanic soils. Our problem
there was to locate the actual site of the city which should be composed of ruined
stone buildings,pavements, walls, etc., probably now lying several meters below
the surface. During the preceding spring the Lerici Foundatior_i engineers utilizing
the resistance equipment had located a segment of buried stone wall on this plain,
In @ctober utilizing the proton-magnetometer we were able to trace that buried
wall for eight hundred meters. At some points the top of the wall lay only a meter
under the surface but at other points it was buried as deep as three meters. Test
excavation showed that the anomaly recorded by the proton-magnetometer very
precisely located the wall but in these test excavations we never succeeded in
locating the base of the wall because there were no pumps available to carry away
the water in our deepest escavations. We did manage to reach a depth of four and
a half meters at one point on the wall but we have no idea how much deeper it may
go. The construction of the wall and the pottery found with it indicate thgt it ig of
Roman construction at the upper levels, but there are some indications that the lower
part of the wall was built some centuries before Christ and we believe that the
base of it may have been built in the sixth century before Christ. Its function remains
a mystery. We have not yet found either end, nor the bése, but we know that tiiSie "j‘
is a major work on the plain of Sybaris and must have some connection with a series

of several cities built there during several centuries., It may be a retaining wall

for the Crati river, or a harbor wall.
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It is now our plan to return to Sybaris in April with an improved——proton-magnetometer’

and with adequate pumps and excavating equipment so that we can probe the lowest
levels on the plain. We also expect to follow the wall as far as possible with these
electronic instruments, but together with the instruments, we are using two or

three different types of drills to probe the anomalies discovered with *the instruments,

In the meantime at the ASCA we have developed a sonic 1nstrument

B i FRmal, | ! 1 ./
utIIJ.Zlng\W 1mpulse to locate underground features thehmm;fx will

]

also be tested at Sybaris this spring. Our investigations so far indicate that each

of the two proven instruments has certain limitations depending upon the type of site.
For example, the resistance apparatue depends upon certain conditions of soil

and humidity, and in some cases where we have very dry soils it will not operate

at all, Moreover at distances of three or four meters an object less than a meter

in diameter cannot be spotted because its bulk relative to the volume of the soil
being measured for conductance is not sufficient to record as an anomaly. The
proton-magnetometer was limited in depth penetration. We could rarely pick up

any feature from below three meters in depth. Also this instrument naturally
depends upon contrasts between magnetic and non-magnetic materials. In Italy

the condition for the proton-magnetometer seemed to us ideal because we had
non-magnetic stone features buried in magnetic soils. In other sites these conditions

naturally do not prevail and the instrument is therefore not useful. We have hopes
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that the high-frequency sonic device, cunaffected by, humid—it»y and magnetic conditions ,

will be useful in most sites. We adso expect to get greater penetration.

With our investigations so far we conclude that these electronic
instruments have been proved as a more efficient way to carry out archaeological

surveys in those areas where there are no archaeological features obvious on the

surface but that impetiyéments and simplifications are necessary if they are to be
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adopted widely by field archaeologists. We think that the high-frequency sonic
device may fill some of these requirements and at least it is one step in the right
direction. The great advantage of this is speed in carrying out a survey in any
given area but more than that with the improvement of such instruments we should
be able to discover very important ancient remains on these sedimentary plains
which would be impossible to locate with normal conventiongl archaeological

methods,
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Tests made with a high frequency seismic unit have indicated

that much work remains to be done on transducers and coupling methods.

Also, there seems to be considerable discrepency between theoretical

attenuation and actual attenmation. The coupling problem is common to

both pulsed and C.W. systems. Any work done in this region would be of

great value. The coupling problem with the short ranges used in

Archeology is not critical but a good coupling system would increase

the resolution of the system and would reduce the power required from

the transducers.
The frequencies at present of interest are from 1000 cycles

to about 20,000 cycles. Transducer design data in this region is scanty.

Attenuation measurements would be valuable. There seems to be a variation

in velocity with a variation in intensity of the transmitted signal.

This velocity variation is not predicted by classical theory. The

attenuation also seems to be several times greater than predicted and

increases rapidly with frequencye.
How much of the attenuation is due to poor coupling, is difficult

to determine. Experiments are in progress on transducer design and

coupling methods with the intent of decreasing the size and increasing the

efficiency as portability and light weight is of great importance with the

many measurements necessary to examine an area.




- SUGGESTIONS FOR A SMALLER

CESIUM MAGNETOMETER

The Varian Associates Model 4920 Precision Portable Cesium Magneto-
meter is the best magnetometer that has been designed for archaeological

prospecting. It is the most sensitive and the most rapid to use for

- making grids (the Model V-4971 Portable Search Magnetometer with audio

readout is faster for line traverses, but much slower for grids due to
the hecessi;y of adjusting the dial for each precise reading).

The Model 4920, even though readilyrportable, is too heavy. The
main reason for this is the current drain, especially when used in the
difference mode of 6peration. Each sensor and the readout draw approxi-

mately 0,6 amps, i.e., a total of 1;8 amps; This high current drain

necessitates the use of large batteries which weigh 18 1lbs. and even ones

of this size last for only 4 hours. Now "7 ballemies

Another consideration is cost. With each sensor costing $5000, the

market for these instruments is necessarily limited.

We feel that if the instrument could be redesigned and the cost re-

duced, there would be the possibility of greatly increased sales to arch-

aeologists. The aspects of the new design which we suggest aré~as follows:

1) Sensors: Now Model 49-544
a) Smaller, if possible, and with less current drain.
b) Strain - relieved rugged cable connectors. (None of the
\S

present cable connectors are meant for field use and they

break frequently.)




2)

3)

&)

Readout: Now Model 49-116
a) Somewhat smallef and simplified, For example, the External
Synchronization feature is not needed, and possibly other
components could be reduced in size or eliminated. (Specific
details of these revisions could best be worked out ﬁetween-
the engineers at Varian and Beth Ralph.)
b) Strain - relieved rugged cable éonnectors,
Batteries: Now five 6 volt Eveready NP8-6/T Rechargeable.
a) Lowering of the voltage requirements (mow 24 to 30v) of both ,
seﬁsors and readouts possibly to 18v or less, would reduce
the number of batteries required. For further weight redﬁction,
reduced current drain is also desired.
b) Strain - relieved rugged cable connectors,
Cables ' i
Also, with strain-relieved rugged‘connectors. _ *
Since the cables and, especially, the conneétﬁrs have been the
causes df frequent breakdowns in the field, these would haveréo
be improved before the instruments could be used regularly by

archaeologists without the assistance of physical scientists.
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